Background: A phenotype is the composite of the observable characteristics, and in some cases it is not representative for identification of recognized genetic structure.
Introduction
A phenotype (from Greek phainein, 'to show, to appear' + typos, 'type') is the composite of an organism's observable characteristics or traits: such as its morphology, development, biochemical or physiological properties, behaviour, and products of behaviour. Phenotypes result from the expression of an organism's genes as well as the influence of environmental factors and the interactions between the two.
The genotype of an organism is a form of inherited instructions carried within genetic code. Not all organisms with the same genotype look or act the same way because appearance and behaviour are modified by environmental and developmental conditions. Likewise, not all organisms that look alike, necessarily have the same genotype [1, 2] . This genotype-phenotype distinction was proposed by Wilhelm Johannsen in 1911 to make the difference clear between an organism's heredity and what that heredity produces [3, 4] .
The word "phenocopy" was coined by Goldschmit in 1935 [5] . Defined by Free dictionary [6], a phenocopy represents:
1. An environmentally induced phenotype mimicking one, usually produced by a specific genotype, nonhereditary variation in an organism, closely resembling a genetically determined trait;
2. An individual exhibiting such a variation.
Because phenocopies may cause problems in genetic screening and genetic counselling, all exogenous factors must be ruled out before any congenital trait or defect is labelled hereditary.
It is a generally accepted theory that inherited genotype, epigenetic mechanisms, and non-hereditary environmental variation contribute to the phenotype of an individual [7] .
Because a genotype is the mode how the DNA is arranged, and a phenotype is what it shows up as-regardless of the actual genetic code, the phenocopy means that someone has characteristics similar to some genetic combination that the person doesn't possess; it is an imitation of recognized genetic state, generated under the influence of some specific environmental factors. Very often minor anomalies imitate a phenotype of some recognized genetic syndrome, and only cytogenetic analysis may exclude that genetic syndrome [8] .
A phenocopy is not a type of mutation; it is an environmentally induced, non-hereditary phenotypic modification that resembles a similar phenotype produced by a gene mutation (genocopy). Some of these features are just traits that are observed to occur more frequently in people with that specific syndrome, but some of the features are more serious medical problems [9] .
Minor malformations (minor physical anomalies) are mild physical deformities that with their incidence, number and evolution may be external indicators of hidden, more serious disorders. Minor physical anomalies are defined as unusual morphological features that are found in less than 4% of the general population and have no serious medical or cosmetic significance to an individual [10] . Most often these are recognized by the neonatologists. First studies done some forty years ago showed an average incidence of 15% in the general population of newborns and of about 50% in children with major malformations [11] . Obviously, none of these features is of medical importance, but they are what make people having atypical appearance, making some of the neonatal dysmorphies recognizable [12] . An organism's genotype is the set of genes that it carries. An organism's phenotype is all of its observable characteristics-which are influenced both by its genotype and by the environment. So, in defining evolution, the changes in the genotypes that make up a population from generation to generation are of real concern. However, since an organism's genotype generally affects its phenotype, the phenotypes that make up the population are also likely to change [13] . Aase [14] has referred to them as "microsigns." Usually these are morphogenetic disturbances settled between normal variations and expressed morphological changes [15] .
Before giving importance to a separate morphological feature, it should be necessary to observe the members of the close family, because such a common sign identified in the healthy family members within the certain family is considered as "marker" of inherited disturbance of the morphogenesis [16] [17] [18] [19] . The value of the early recognition of the minor malformations is their ability to lead towards investigation for a major anomaly (pathology of the morphogenesis) in common, or to give a suspicion for a major anomaly or genetic syndrome. It is worth mentioning that not only the number of minor malformations is important, but also their scoring weight, actually the degree upon which the anatomical structure deviates from the normal [20] . When several specific minor malformations are seen together in an individual, they can serve as external markers for underlying genetic disorders [21] . It is of importance to present the correlation between the number of the minor anomalies and the risk for presence of major anomaly found in different sources of information: if the individual doesn't have any minor anomaly, the probability of existence of major anomaly is about 1.4%; one minor malformation carries a probability for major anomaly of 3%; if two minor malformations are present in the same person, the probability of existing major anomaly is about 11-15%, and if three or more minor anomalies are present, the probability of major anomaly, especially chromosomal abnormality, raises over 50% [22, 23] . Less than 1% of newborns have three or more anomalies, and these newborns are at higher than 20% risk for a major malformation [24, 25] . Another source of information presents that children who have two minor anomalies have a 10% risk of developing major anomalies, finally, those children with 3 or more minor anomalies have again a 20% risk of developing a major anomaly [26] . The incidence of minor anomalies has been described between 7% and 41%, while the incidence of major anomalies has been described between 2% and 3% [23, 27] . Therefore, the presence of a minor anomaly should alert the medical professional for the possibility of major defect, whereas the existence of an anatomical variation has not the same meaning. The causes of the variations and anomalies must be found in the biologic processes of development during the formation of a particular structure; this may be due to genetic reasons, environmental factors or combinations amongst them.
The clinical features that characterize the phenotype of the Down syndrome, represent the most frequent chromosomal abnormality. Those newborns/infants have well recognized characteristic appearance, although varying in the combination of minor anomalies. In 1866, Down described 21 specific physical anomalies that included small ears, upslanting palpebral fissures, flat nasal bridge, epicanthal folds, protruding tongue, small mouth, fifth finger clinodactyly and a wide space between the first and second toes that characterized a type of mental retardation that he called "mongolism," which today is known as Down syndrome [28] . The inner corner of the eyes may have a rounded fold of skin (epicanthal fold). The hands are short and broad with short fingers, and may have a single palmary crease. White spots on the colored part of the eye called Brushfield spots may be present. Babies with Down syndrome often have decreased muscle tone at birth. Normal growth and development is usually delayed and often individuals with Down syndrome don't reach the average height or developmental milestones of unaffected individuals. It is important to remember that no one having Down syndrome will have all of the features described above, and not all of the features described are of importance for the health condition of the patient. Nor does the number of physical problems in a person with Down syndrome correlate with their intellectual capability. Each and every child with Down syndrome has their own unique personality and strengths.
The purpose of listing these features is to give information about the wide range of variability in minor malformations that can be seen in newborns with Down syndrome, thus implying that none of these malformations alone is of vital, medical or social importance for the person [29, 30] . The existence of phenocopy may cause problem in determining the exact diagnosis of congenital abnormalities in newborn children, especially chromosomal abnormalities, and may cause psychological and emotional stress for the parents and difficulties for counsellors and physicians in managing this medical issue.
Thus, the purpose of this prospective 5 year's study was to:
• record the incidence of dysmorphia (minor malformations) for Down's syndrome in newborn children successively born at the University Clinic for Gynaecology and Obstetrics in Skopje, Republic of Macedonia;
• determine the top ten minor dysmorphic abnormalities for Down's syndrome in the investigated population;
• analyze the cytogenetic structure (abnormalities) of these dysmorphic children and • investigate the proportion of the phenocopies among these dysmorphic newborns.
Material and Methods
In this study we have investigated 17835 newborns, succesively born at the University Clinic for Gynecology and Obstetrics, Skopje, Republic of Macedonia, in the period of five years (2008) (2009) (2010) (2011) (2012) . The study was prospective, observational by its design. The Clinic provides tertiary level of care, thus admitting all high risk pregnant women for further care and treatment. During the study, several analytical processes were performed: history data obtained from the maternal medical records; observation and diagnosis of dysmorphia of the newborn; classification of the minor anomaly; assessing the indication for cytogenetic analysis; simple statistical measures of retrieved data.
As minor anomalies were considered all those which have no functional impact on the neonatal health, according to the accepted list of minor anomalies, classified as shown in Table 1 [11, 30] . Localization and type of the most common referred and described minor anomalies Head and neck: brachycephaly, megalencephaly, microcephaly, fine, electric hair, vowleak hair, aberrant hair whorls pattern (two or more), upward or downward slanting eyes, epicanthal fold, hypertelorism, white spots on the coloured part of the eye, synophrus, flattened nose (flat nasal bridge), bulbous nasal tip, bifid nasal tip, anteverted nares, smooth filtrum, ear tags, malformed ears (auricula) by any means, adherent lobes of the auricula, thin upper limb, epithelial cysts of the alveolas, retrognathia and microgenia, high and oval palate, protruding tongue and open mouth, premature dentition, tongue tie, lingua geographica, bifid uvula, grooved chin, pterygium, short and wide neck, low hair on the neck. Chest and Abdomen: Lateral position of the nipples, low position of the umbilicus. Arms and legs: four finger line of the palms, short, broad palms and short fingers, oedema on the hands, clinodactily of the fifth finger, wide and short thumb, backwards pointing thumb, partial syndactily of the third and fourth finger of the hand, bent index finger, tapered fingers, short toes, wide hallux, third leg finger equal or longer than the second, second toe linger than the first, wide distance between the first and second toe ("sandal gap"), overlapping toes, hammertoes, deep plantar crease. General signs: decreased muscle tone (hypotonia), excessive joint laxity, expressionless face, dry skin.
Other indications for cytogenetic analysis that were not part of this study were:
 Existence of familiar genetic disease, chromosomopathy or X-linked diseases;
 Prenatal suspicion of chromosomal anomaly in pregnancy;
 Undetermined sex after the delivery;  Association of two or more major congenital anomalies.
Results
In the study 128 newborn children were analyzed selected on the basis of the number of 51 minor anomalies, using as inclusion criteria presence of at least 3 minor anomalies (dysmorphic features) characteristic for Down syndrome. The number of live births during the investigated period was 17835, so the incidence of highly dysmorphic newborns was 128/17835, i.e. 1/139 (0.83%) in the population of liveborn newborns. The ten most frequent minor anomalies imitating features for Down syndrome are presented in Table 2 .
All of the 128 selected infants had an indication to perform cytogenetic analysis in peripheral blood cells, to determine their karyotype. The analysis showed following results (Fig 1): 3.1% (4/128) There was striking difference between male and female newborns in this subgroup, actually the ratio male:female was 25:60 in favour of the females. Cytogenetic detailed analysis of the peripheral blood cells of the patients with confirmed Down syndrome showed trisomy 21 in 38/39 (97.4%), structure 47, XX, +21 or 47, XY, +21; and 1/39 (2.6%) Robertsonian translocation 46, XY, rob (14;21) (q10;q10), +21 (Fig 2) . There was found weak difference between male and female newborns who had confirmed Down syndrome, in favor of the males, 22/39 (56.4%). The overall ratio male:female is presented in Fig. 3 . Positive predictive value of the finding of at least three minor anomalies for predicting major anomaly is 31.45%. Investigating the closest members of the families of the newborns having at least three minor anomalies, in 22/139 cases (15.8%) at least one of the presented minor malformations were found in another family member. Only 3 cases of confirmed Down syndrome belonged to a family having any of the minor malformations before mentioned as a "marker".
Discussion
Deep search within the literature has not resulted in retrieving papers about the proportion of phenocopies in unselected population of newborn infants. It was usually investigated in sick children, children with disabilities, or older aged children [31] [32] [33] [34] [35] . So, our results should be considered as rare attempt to analyze the possibility of existing phenocopies, thus helping in the differentiation of chromosomal abnormalities of any kind.
In literature it was reported that overall incidence of minor anomalies among unselected neonatal population is 5.03% (55.55% male and 44.46% female, p>0.05), and 0.28% of neonates had at least two minor anomalies [36] . Another study has shown different results, considering different type of population (Chinese), whereas some of the variations/minor anomalies are met as normal variations [37] . About 44.9% of the newborn infants had at least one minor anomaly that was unrelated to gender, maternal age, or gestational age, but significantly associated with fetal presentation. Breech-presented newborn infants had double the risk of minor anomalies. Simian crease, upward slant and frontal bossing could be considered normal variants for Chinese newborn infants, because the incidence of each was higher than 4%. Although some studies have shown that approximately 90% of infants having three or more minor anomalies are associated with a major malformation, there was found pretty low, 31.45% predictive value based on these criteria. Nevertheless, it was suggested that infants with three or more minor anomalies should be carefully evaluated for the possibility of major malformation in order to provide early management [37] .
There was low proportion of translocation among the newborns with confirmed Down syndrome, only 2.6%. Interesting results were in terms of the ratio male:female. In the group of Down syndrome, male prevailed over the female infants, while in the group of phenocopies, striking difference was found in favor of the females. This fact could be interpreted that the girls have more dysmorphia-like features than real minor malformations.
The list of top ten presented minor malformations has shown that ≥90% of the newborns had decreased muscle tone, flat nasal bridge, upward slanted eyes, and hypertelorism. These signs should be taken as crucial for considering the child as potential Down syndrome.
The key point is the capability to identify lowpenetrance variations across the human genome. Among the phenomena reducing the power of these analyses, phenocopy level hampers very seriously the investigation of complex diseases, as well known in neurological disorders, cancer, and likely of primary importance in human ageing. Phenocopy level seems to be the norm, rather than the exception, especially when considering the role of epigenetic and environmental factors towards phenotype [38] .
The signs and features of the Down syndrome are result of slower process of maturation of the brain and the body until fetal period, and incomplete morphogenesis. During the intrauterine period the obstetrician has to possess very high level of skills, knowledge and ability to employ modern technology to recognize the subtle signs of dysmorphy [39] . The dysmorphic newborns could have various ranges of minor malformations, some of them with subtle expression. The fact that the combinations are unpredictable and are non-standard makes more difficult their recognition. Without cytogenetic analysis, fenocopies can extend the problem regarding the confirmation of the predicted diagnosis, and create anxiety among parents.
The usefulness and importance of the cytogenetic analysis is higher when it is performed even if suspected chromosomal anomaly, because it would be confirmed very early, and the completeness of the working out should be achieved sooner, thus enabling appropriate follow up and stimulation.
Our results have suggested the following:
• The detailed observation looking for the subtle dysmorphic signs could be very important an useful;
• Phenocopies are very common in the states of neonatal dysmorphy;
• Phenocopies aggravate the clinical diagnosis of the chromosomal abnormalities;
• The confirmation of phenocopy is the most desirable diagnosis in dysmorphic child.
As a summary, it could be recognized that certain facts call for further analysis, the evidence which has thus far been brought forward from various sources justifies the following interpretation of the genesis of phenocopies. The point of interference varies according to the existing genotype, the developmental stage, kind and quantity of the external agent, and other factors. Taking all evidence into account, it seems that the most exciting aspect of the study of phenocopies is the opportunity it may provide of shedding light, although only indirectly, on the developmental functions of that awesome skeleton of genetical science-the normal genotype.
The complexity of contigent relationsrelations between genotype and phenotype arise from the nature of organisms as physical systems. As is true for living systems in general, relations between genotype and phenotype are contingent, varying from case to case. Still, the critical role of phenocopy emerges, and the more the phenocopy level increases, the more the initial difficulty in detecting gene-gene interactions is amplified.
It could be concluded that the neglect of the possible presence of phenocopies in complex traits, heavily affects the analysis of their genetic data. According to our research it is recommended to do cytogenetical analyses of all newborns with phenocopy of Down's syndrome.
